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(54) Check valve 



(57) A check valve (1 0) including a valve disk (12), 
wherein the valve disk (12) is so arranged and config- 
ured as to be of a thickness sufficiently substantial to 
prevent the valve disk (12) from exhibiting a significant 
amount of flexure even under high reverse pressure, an 
upper housing portion (16) having an Inlet aperture (18) 
formed therein, a lower housing portion (20) having an 
outlet portion (22) formed therein, the upper housing 
portion (16) being fomied with a valve seat (24) which 
protrudes towards the lower housing portion (20) by a 
preselected distance, the inlet aperture (18) extending 
through the valve seat (24), a static seal ring (26) for 
installation between the upper (16) and lower (20) hous- 



ing portions in sealing fashion, the static seal ring (26) 
being located circumferentially around and spaced 
away from the valve disk (12), and a support web (32) 
extending between the static seal ring (26) and the valve 
disk (12) for supporting the valve disk (1 2) from the static 
seal ring (26), the support web (32) being flat when in 
an unbiased position, the support web (32) being elas- 
tomeric and functioning to bias and maintain the valve 
disk (1 2) against the valve seat (24) of the upper housing 
portion (16) around the Inlet aperture (18) In sealing 
fashion until and unless a predetermined forward pres- 
sure drop exists across the valve (10), the support web 
(32) having disposed therein a plurality of apertures (36) 
to allow the passage of a fluid therethrough. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to ap- 
paratus for regulation of fluid flow in medical applica- 
tions and particularly to check valves and anti-free-flow 
valves for such apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Infusion pumps are well known devices used 
to administer drugs to a patient in small, metered doses 
at frequent intervals or, altematively, in the case of some 
devices, at a low but essentially continuous rate. Infu- 
sion pump therapy may be electronically controlled to 
deliver precise, metered doses at exactly determined in- 
tervals, thereby providing a beneficial gradual infusion 
of medication to the patient. In this manner, the infusion 
pump is able to mimic the natural process whereby 
chemical balances are maintained precisely by operat- 
ing on a continuous time basis. 

[0003] One of the essential elements of an infusion 
pump is a one-way valve, also known as a check valve 
or anti-flee-flow valve, one or more of which may be re- 
quired in virtually any design for an infusion pump. Such 
a valve must be highly precise, operating in a passive 
manner to open with a relatively small break pressure 
or cracking pressure in the desired direction of flow 
through the valve. The valve must also be resistant to a 
substantially higher reverse pressure, not opening or 
leaking at all, since any reverse flow in the opposite di- 
rection would result a reduction in the amount of medi- 
cation being delivered, and an imprecise infusion pump 
which would be totally unacceptable. 
[0004] US Patents 2,462,189 to Hess, 2.497,906 to 
Peters et al., 4,141,379 to Manske, and 4.593,720 to 
Bergandy describe check valves. 
[0005] One of the better known check valves of the 
art is described in US Patent 4,712,583 to Pelmulder et 
al., the disclosure of which is incorporated herein by ref- 
erence. The valve of Pelmulder et al. is molded in a uni- 
tary fashion of a medical grade elastomer such as sili- 
cone rubber A circular valve disk has on the top side 
thereof a protruding cylindrical dynamic sealing ridge, 
which is the actual valve element. A static seal ring hav- 
ing a larger inner diameter than the outer diameter of 
the valve disc is located concentrically around the valve 
disk. The valve disk is supported from the static seal ring 
by a thin support web extending between the static sup- 
port ring and the valve disk, which web has a plurality 
of holes therethrough to allow fluid passage. 
[0006] The valve is installed by locating it in a first 
housing portion which has provision, such as an annular 
groove, for receiving the static seal ring, and which also 
includes a web support structure for supporting a portion 
of the web adjacent to the static seal ring. The first hous- 
ing portion has an aperture therein to allow fluid passing 



through the valve to exit, which aperture is located on 
the underside of the valve when it is installed in the first 
housing portion as described above. 
[0007] A lower housing portion is then installed on top 

s of the valve as previously installed in the first housing 
portion. The second housing portion, whbh rests on top 
of the valve, is essentially flat, and has an aperture 
therein through which fluid may enter towards the valve. 
This aperture is located above the valve disk and con- 

10 centrlcally within the dynamic sealing ridge. When the 
lower housing portion is installed onto the first housing 
portion with the valve therebetween, the static seal nng 
is compressed to create a good seal. 
[0008] In operation, when the pressure is greater on 

IS top of the valve disk than under the valve disk, the valve 
will tend to open, requiring only a small pressure to op- 
erate. However, when this small break pressure is not 
present, or when a reverse pressure is present, the 
valve will remain in a closed position. The valve thus has 

20 a positive sealing action when closed, and opens easily 
when the small crack pressure (or a greater pressure in 
that direction) is present. 

[0009] It is essential in the teachings of Pelmulder et 
al. that the portion of the housing mounted on the top 
25 side of the valve be flat and that the dynamic sealing 
ridge be bulgy so as to space the web from the flat sur- 
face of the top housing. 

[001 0] US Patent 5.025,829 to Edwards et aL. the dis- 
closure of which is Incorporated herein by reference, de- 

30 scribes a check valve disk which comprises a flat, cir- 
cular piece of flexible material. The valve disk is formed 
by an outer sealing ring at Its periphery, at least three 
arcuately-shaped windows substantially evenly-spaced 
radially inwards from the outer sealing ring, and a circu- 

55 lar closing member concentrically disposed radially in- 
wards from the windows and joined to the outer sealing 
ring by a plurality of webs. The valve disk is installed 
between a first housing portion having an inlet and a 
valve seat, and a lower housing portion having an outlet. 

40 Both housing portions have a valve disk retaining sur- 
face with an annular ridge protruding therefrom. In such 
a manner, the valve disk is retained between the hous- 
ing portions by the annular ridges contacting its outer 
sealing ring. 

45 [001 1 ] The valve seat wh ich is formed in the first hous- 
ing portion protrudes towards the lower housing portion 
by a preselected distance beneath the valve disk retain- 
ing surface in the first housing portion. In such a manner, 
various amounts of preloading are capable with valve 

so disks of the same manufacture. Edwards et al. teaches 
constructing the valve disk as a flat, circular piece of flex- 
ible material. The housing portions are snap-fit together. 
[001 2] The present inventors have found that both the 
Pelmulder et al. check valve and the Edwards et al. 

55 check valve suffer from drawbacks. Because the Ed- 
wards et al. check valve employs a flat valve disk, it has 
been difficult to control accuracy of the cracking pres- 
sure. The dynamic sealing ridge of the Pelmulder et al. 
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cheek valve does not satisfactorily provide accurate 
control ofthe cracking pressure either, possibly due to 
its elastomeric properties. 

SUIVIMARY OF THE INVENTION 5 

[001 3] The present invention seeks to provide an im- 
proved check valve which overconnes the above draw- 
backs. As mentioned hereinabove, the Pelmulder et al. 
check valve uses the dynamb sealing ridge to flex the io 
valve disk away from the upper housing portion. Unlike 
the prior art, the present invention uses a rigid valve seat 
formed in the upper housing portion to space the valve 
disk away from the upper housing portion. Although a 
similar valve seat is present in Edwards et al., neverthe- fs 
less the novel structure ofthe present invention provides 
an unexpected and significant \rT)pTO\/emenX in perform- 
ance over the structures of Pelmulder et al. and Ed- 
wards et al. The present inventors have found that the 
present Invention provides a significant increase over 20 
the prior art in controlling accuracy of cracking pressure. 
[0014] There is thus provided in accordance with a 
preferred embodiment of the present invention a check 
valve including a valve disk, wherein the valve disk is so 
arranged and configured as to be of a thickness suffi- 2S 
ciently substantial to prevent the valve disk from exhib- 
iting a significant amount of flexure even under high re- 
verse pressure, an upper housing portion having an inlet 
aperture formed therein, a lower housing portion having 
an outlet portion formed therein, the upper housing por- 30 
tion being formed with a valve seat which protrudes to- 
wards the lower housing portion by a preselected dis- 
tance, the inlet aperture extending through the valve 
seat, a static seal ring for installation between the upper 
and lower housing portions in sealing fashion, the static 35 
seal ring being located circumferentially around and 
spaced away from the valve disk, and a relatively thin 
support web extending between the static seal ring and 
the valve disk for supporting the valve disk from the stat- 
ic seal ring, the support web being flat when in an unbi- 40 
ased position, the support web being elastomeric and 
functioning to bias and maintain the valve disk against 
the valve seat of the upper housing portion around the 
inlet aperture in sealing fashion until and unless a pre- 
determined forward pressure drop exists across the 45 
valve, the support web having disposed therein a plu- 
rality of apertures to allow the passage of fluid there- 
through. 

[001 5] In accordance with a preferred embodiment of 
the present invention the lower housing portion snap- so 
fits together with the upper housing portion. Preferably 
the lower housing portion includes an annular ridge 
which snap-fits together with an annular groove formed 
in the upper housing portion. 

[0016] Additionally in accordance with a preferred 55 
embodiment of the present invention at least one of the 
lower and the upper housing portions includes a Luer- 
lock fitting. 
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[001 7] Further in accordance with a preferred embod- 
iment of the present Invention the valve disk includes an 
elastomeric material of medical grade. The elastomeric 
material may be selected from the group consisting of 
a thermoplastic elastomer, silicone rubber, aterpolymer 
of ethylene, polyethylene, propylene, polyurethane and 
a diene side chain. 

[001 8] In accordance with a preferred embodiment of 
the present invention the elastomeric material has a du- 
rometer hardness of between 30 and 100 on the Shore 
A scale. Most preferably the elastomeric material has a 
durometer hardness of between 60 and 80 on the Shore 
A scale. 

[0019] Further in accordance with a preferred embod- 
iment of the present invention the vale is biased in a 
closed position until the forward pressure drop across 
the valve is at least 0.25 bar. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will be understood and 
appreciated more fully from the following detailed de- 
scription, taken in conjunction with the drawings in 
which: 

Fig. 1 is a simplified sectional illustration of a check 
valve constructed and operative in accordance with 
a preferred embodiment of the present invention, in 
a closed position; and 

Fig. 2 is a simplified sectional illustration of the 
check valve of the present invention in an open po- 
sition. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0021] Reference is now made to Figs. 1 and 2 which 
illustrate a check valve 10 constructed and operative in 
accordance with a preferred embodiment of the present 
invention. 

[0022] Check valve 10 preferably includes a valve 
disk 1 2 formed of a flexible material and having a gen- 
erally flat, circular shape. Such shape may be formed 
by stamping and cutting disk 1 2 In any conventional way 
or by molding disk 12. The flexible material used for 
valve disk 12 comprises an elastomeric material, a ther- 
moplastic material or a thermoplastic elastomer, prefer- 
ably of a medical grade. Preferably, such flexible mate- 
rial comprises a material having a Shore A durometer 
hardness in the range of about 30-100. Most preferably 
the elastomeric material has a durometer hardness of 
between 60 and 80 on the Shore A scale. Exemplary 
materials which may be used for valve disk 12 are se- 
lected from the group consisting of silicone rubber, ter- 
polymers of ethylene, polyethylene, propylene, poly- 
urethane and a diene side chain, which products have 
been sold under the trademarks EPT, EPSYN, ROY- 
ALENE, VISTALON and NORDEL or thermoplastic 
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elastomers sold under the trademarks HYTRON, KRA- 
TON and SANTOPRENE. Valve disk 1 2 is arranged and 
configured as to be of a thickness sufficiently substantial 
to prevent exhibiting a significant amount of flexure evfen 
under high reverse pressure (in the direction of an arrow 
14 in Fig. 1). 

[0023] An upper housing portion 1 S is provided which 
has an inlet aperture 1 8 formed.therein. A lower housing 
portion 20 is provided which has an outlet portion 22 
formed therein. Upper housing portion 1 6 is formed with 
a valve seat 24 which protrudes towards lower housing 
portion 20 by a preselected distance. Inlet aperture 18 
extends through valve seat 24. Upper and lower housing 
portions 16 and 20 may be constructed of a suitable 
plastic such as ABS, for example. 
[0024] A static seal ring 26 is provided for installation 
between upper and lower housing portions 16 and 20 in 
sealing fashion. Seal ring 26 is located circumferentially 
around and spaced away from valve disk 1 2. Preferably 
seal ring 26 is installed in corresponding grooves 28 and 
30 formed in upper and lower housing portions 16 and 
20, respectively. 

[0025] A relatively thin support web 32 extends be- 
tween seal ring 26 and valve disk 1 2 for supporting valve 
disk 1 2 from seal ring 26. Support web 32 is etastomeric 
and biases and maintains valve disk 12 against valve 
seat 24 around inlet aperture 18 in sealing fashion until 
and unless a predetermined forward pressure drop (in 
the direction of an arrow 34) exists across valve 1 0. Sup- 
port web 32 is flat when in an unbiased position, but as 
seen in Fig, 1 . is flexed towards lower housing portion 
20 by virtue of being biased against valve seat 24, there- 
by providing a preload in the operation of valve 1 0. Sup- 
port web 32 has formed therein a plurality of apertures 
36 to allow passage of fluid 38 therethrough, as will be 
seen in Fig. 2. 

[0026] Lower housing portion 20 preferably includes 
an annular ridge 40 which snap-fits together with an an- 
nular groove 42 formed in upper housing portion 16. Ei- 
ther or both of lower and upper housing portions 16 and 
20 may include a Luer-lock fitting, such as designated 
by reference numeral 44. 

[0027] Valve 1 0 is biased in the closed position of Fig. 
1 until the forward pressure drop across the valve is at 
leastO.25 bar, upon which valve 10 opens to the position 
shown in Fig. 2. 

[0028] It will be appreciated by persons skilled in the 
art that the present invention is not limited by what has 
been particularly shown and described hereinabove. 
Rather the scope of the present invention includes both 
combinations and subcombinations of the features de- 
scribed hereinabove as well as modifications and vari- 
ations thereof which would occur to a person of skill in 
the art upon reading the foregoing descriptton and which 
are not in the prior art. 



Claims 

1, A check valve (10) comprising: 

5 a valve disk (12), wherein said valve disk (12) 

is so arranged and configured as to be of a 
thickness sufficiently substantial to prevent 
said valve disk (12) from exhibiting a significant 
amount of flexure even under high reverse 

10 pressure; 

an upper housing portk>n (16) having an inlet 
aperture (18) formed therein; 
a lower housing portion (20) having an outlet 
portion (22) formed therein, said upper housing 

IS portion (1 6) being formed with a valve seat (24) 

which protrudes towards the lower housing por- 
tion (20) by a preselected distance, said inlet 
aperture (18) extending through said valve seat 
(24); 

20 a static seal ring (26) for Installation between' 

said upper (1 6) and lower (20) housing portions 
in sealing fashion, said static seal ring (26) be- 
ing located circumferentially around and 
spaced away from said valve disk (12); and 

2S a support web (32) extending between said 

static seal ring (26) and said valve disk (12) for 
supporting said valve disk (12) from said static 
seal ring (26), said support web (32) being flat 
when in an unbiased position, said support web 

30 (32) being elastomeric and functioning to bias 

and maintain said valve disk (12) against sakj 
valve seat (24) of said upper housing portion 
(16) around said inlet aperture (18) in sealing 
fashion until and unless a predetermined for- 

3S ward pressure drop exists across said valve 

(10), said support web (32) having disposed 
therein a plurality of apertures (36) to allow the 
passage of a fluid therethrough. 

40 2. The check valve (10) according to claim 1 wherein 
said lower housing portion (20) snap-fits together 
with said upper housing portion (16). 

3. The check valve (1 0) according to claim 1 or claim 
4S 2 wherein said lower housing portion (20) compris- 
es an annular ridge (40) which snap-fits together 
with an annular groove (42) formed in said upper 
housing portion (16). 

so 4. The check valve (10) according to claim 1 or claim 
2 wherein at least one of said lower (20) and said 
upper (16) housing portions comprises a Luer-lock 
fitting (44). 

55 5. The check valve (10) according to claim 1 or claim 
2 wherein said valve disk (1 2) comprises an elasto- 
meric material of medical grade. 



4 



EP 0 934 757 A2 



10 



6. The check valve (10) according to claim 5 wherein 
said elastomeric material is selected from the group 
consisting of a thermoplastic elastomer, silicone 
rubber, a terpolymer of ethylene, polyethylene, prb- 
pylene, potyurethane and a diene side chain. 

7. The check valve (10) according to claim 5 wherein 
said elastomeric material has a durometer hard- 
ness of between 30 and 100 on the Shore A scale. 

8. The check valve (10) according to claim 5 wherein 
said elastomeric material has a durometer hard- 
ness of between 60 and 80 on the Shore A scale. 



The check valve (10) according to claim 1 or claim is 
2 wherein said valve is biased in a closed position 
until the forward pressure drop across said valve is 
at least 0.25 bar. 
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(54) Check valve 



(57) A check valve (10) including a valve disk (12), 
wherein the valve disk (12) is so arranged and config- 
ured as to be of a thickness sufficiently substantial to 
prevent the valve disk (12) from exhibiting a significant 
amount of flexure even under high reverse pressure, an 
upper housing portion (16) having an inlet aperture (18) 
formed therein, a lower housing portion (20) having an 
outlet portion (22) formed therein, the upper housing 
portion (16) being formed with a vatve seat (24) which 
protrudes towards the lower housing portion (20) by a 
preselected distance, the Inlet aperture (18) extending 
through the valve seat (24), a static seal ring (26) for 
Installation between the upper (1 6) and lower (20) hous- 



ing portions In sealing fashion, the static seal ring (26) 
being located circumferentially around and spaced 
away from the valve disk (12), and a support web (32) 
extending between the static seal ring (26) and the valve 
disk (1 2) for supporting the valve disk (1 2) from the static 
seal ring (26), the support web (32) being flat when In 
an unbiased position, the support web (32) being elas- 
tomerlc and functioning to bias and maintain the valve 
disk (1 2) against the valve seat (24) of the upper housing 
portion (16) around the inlet aperture (18) in sealing 
fashk>n until and unless a predetermined forward pres- 
sure drop exists across the valve (10), the support web 
(32) having disposed therein a plurality of apertures (36) 
to allow the passage of a fluid therethrough. 
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